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(54) Electric power steering controller and control method thereof 



(57) An electric power steering controller compris- 
ing a motor (1 0) for generating torque for assisting the 
steering torque of a driver to assist the steering force of 
a steering system, trie controller comprising road reac- 
tion torque detection means (15) for detecting road 
reaction torque received by tires from the surface of a 
road, and road reaction torque addition control means 
for controlling the torque of the motor (10) based on 
road reaction torque detected by the road reaction 
torque detection means (15). 

FIG. 1 



The above electric power steering controller ena- 
bles the steering wheel to be returned to its starting 
point without adding torque in a direction in which the 
driver returns the steering wheel when he/she controls 
the steering wheel with the small road reaction torque of 
the tires, for example, when turning an intersection at a 
low speed or when turning a gently curved portion of a 
road at a high speed. 




a. 

LU 

Primed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



eNSPOCID: <EP 1077171A2_I_> 



1 



EP 1 077 171 A2 



2 



Description 

Background of the Invention 
[Field of the Invention] 

[0001] The present invention relates to an electric 
power steering controller for automobiles which causes 
a motor to generate torque for assisting the steering 
torque of a driver to assist the steering force of a steer- 
ing system. 

[Description of the Prior Art] 

[0002] Rg. 40 is a block diagram showing the con- 
stitution of an electric power steering controller of the 
prior art disclosed by Japanese Laid-open Patent Appli- 
cation No. 7-186994, for example. In the figure, refer- 
ence numeral 1 denotes a steering torque detector for 
detecting steering torque when a driver controls the 
steering wheel, 2 a steering toque controller for comput- 
ing an assist torque signal based on the output of the 
steering torque detector 1,3 a damping compensator 
for computing a damping compensation signal based on 
the output of a motor speed detector 5, and 4 an inertia 
compensator for computing an inertia compensation 
signal based on the output of a motor acceleration 
detector 6. Denoted by 7 is a motor current decision unit 
for computing a target cun-ent signal from target torque 
which is the sum of an assist torque signal, damping 
compensation signal and inertia compensation signal, 
computed by a first adder 12, 8 a decision unit forjudg- 
ing whether the output of the steering torque detector 1 
and the output of the motor speed detector 5 have the 
same direction and outputting its decision result to the 
steering torque controller 2, the damping compensator 
3 and the inertia compensator 4, 9 a motor drive unit for 
determining voltage to be applied to a motor 10 based 
on a difference obtained by a second adder 13 between 
a target current signal and a motor current value 
detected by the motor current detector 1 1 and applying 
the above voltage to the motor 10, and 10 the motor for 
generating assist torque which is substantially propor- 
tional to a motor current value which changes according 
to the above applied voltage to drive a. steering unit. 
Reference numeral 1 4 denotes a car speed detector for 
detecting car speed and outputting its detected car 
speed signal to the steering torque controller 2, damp- 
ing compensator 3 and inertia compensator 4. 
[0003] A description is subsequently given of the 
operation of the electric power steering controller of the 
prior art. 

[0004] When the car driver controls the steering 
wheel, steering torque at this point is measured by the 
steering torque detector 1 and output to the steering 
torque controller 2. The steering torque controller 2 
computes an assist tonque signal which is substantially 
proportional to the output signal of the above steering 



torque detector 1 and based on which the motor 10 Is 
driven to assist the steering torque of the driver so as to 
reduce it. 

[0005] At this point, the decision unit 8 judges 

5 whether the output of the steering torque detector 1 and 
the output of the motor speed detector 5 are the same. 
When they are the same, the damping compensator 3 
and the inertia compensator 4 are not activated, the 
steering torque controller 2 determines target torque 

JO based on the assist torque signal which is determined 
based on the output of the steering torque detector 1 
and a car speed signal from the car speed detector 14, 
and the motor cun-ent decision unit 7 detemnines a 
motor drive current. When they are not the same, the 

75 steering torque controller 2 is not activated, target 
torque is determined based on the outputs of the damp- 
ing compensator 3 and the inertia compensator 4, and 
the motor current decision unit 7 determines a motor 
drive current. When the car speed is low at this point, 

20 the direction of target torque is made the same as the 
revolution direction of the motor and when the car speed 
is high, the direction of target torque is made opposite to 
the revolution direction of the motor. Therefore, when 
the driver turns the steering wheel, the steering torque 

25 of the driver is assisted to lighten torque required for 
steering. When the driver returns the steering wheel, 
the motor 1 0 is controlled such that the steering wheel 
is assisted to return to its starting point when the car 
speed is low and prevented from returning to its starting 

30 point at an excessive rotation speed when the car speed 
is high. 

[0006] Generally speaking, the driver controls the 
steering wheel when turning a curved portion of a road 
or an intersection and returns the steering wheel to its 

35 Starting point, making use of the spontaneous return 
force of the steering wheel generated by the road reac- 
tion torque of tires when returning to straight-line driv- 
ing. However, since the road reaction torque of the tires 
is small when the driver controls the steering wheel 

40 slightly at a low car speed or a high car speed, the road 
reaction torque becomes smaller than friction torque in 
the steering unit, whereby the steering wheel does not 
return to its starting point in many cases at the time of 
returning to straight-line driving. Therefore, in this case, 

45 the driver must add torque to the steering wheel to 
return it to its starting point, thereby deteriorating a 
steering feeling. 

[0007] In contrast to this, in the prior art, it is judged 
whether the output of the steering torque detector 1 and 

50 the output of the motor acceleration detector 6 are the 
same or not when the car speed is low, and a motor 
drive current is determined such that the motor 10 
revolves in the same direction as the revolution direction 
of the motor when they are different, theret>y improving 

55 the returnability of the steering wheel at a low car 
speed. 

[0008] However, in the above prior art, when the 
driver controls the steering wheel with the small road 
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reaction torque of the tires, for example, wiien the driver 
turns an intersection at a low speed or a gently curved 
portion of a road at a high speed, the steering wheel is 
stopped unless torque is added in a direction for return- 
ing the steering wheel, whereby the motor 10 does not 
revolve. Since the decision unit 8 cannot judge whether 
the output of the steering torque detector 1 and the out- 
put of the motor speed detector 5 are the same or not, it 
cannot determine a motor drive current for revolving the 
motor 1 0 in the same direction as the revolution direc- 
tion of the motor and cannot improve the returnability of 
the steering wheel. 

[0009] Further, since a motor drive current can be 
determined only to revolve the motor in a direction 
opposite to the revolution direction of the motor at the 
time of high-speed driving in the above prior art, the 
returnability of the steering wheel cannot be improved. 

Summary of the Invention 

[0010] It is an object of the present invention which 
has been made to solve the above problems to provide 
an electric power steering controller which enables the 
steering wheel to be returned to its starting point without 
adding torque in a direction in which the driver returns 
the steering wheel when he/she controls the steering 
wheel with the small road reaction torque of the tires, for 
example, when he/she turns an intersection at a low 
speed or when he/she turns a gently curved portion of a 
road at a high speed. 

[0011] According to a first aspect of the present 
invention, there is provided an electric power steering 
controller which comprises road reaction torque detec- 
tion means for detecting road reaction torque received 
by tires from a road and road reaction torque addition 
control means for controlling the torque of a motor for 
assisting the steering torque of a driver based on road 
reaction torque detected by the road reaction torque 
detection means. 

[0012] According to a second aspect of the present 
invention, there is provided an electric power steering 
controller which further comprises steering torque 
detection means for detecting the steering torque of the 
driver and steering assist control means for controlling 
the torque of the motor based on the output of the steer- 
ing torque detection means. 

[0013] According to a third aspect of the present 
invention, there is provided an electric power steering 
controller wherein the amount of control of the above 
road reaction torque addition control means is a value 
obtained by multiplying the output of the road reaction 
torque detection means by a single gain or multiple 
gains and the maximum value of control is limited by a 
limiter. 

[0014] According to a fourth aspect of the present 
invention, there Is provided an electric power steering 
controller wherein car speed detection means for 
detecting car speed is provided and the values of the 



above gain and limiter are set according to the output of 
this car speed detection means. 

[0015] According to a fifth aspect of the present 
invention, there is provided an electric power steering 

5 controller wherein the values of the above gain and lim- 
iter are set such that the output of the road reaction 
torque addition control means becomes large when the 
car speed is low excluding the case where the car 
speed is extremely low at the time of parking. 

10 [0016] According to a sixth aspect of the present 
invention, there is provided an electric power steering 
controller wherein motor current detection means for 
detecting a current running through the motor and 
motor rotation angle acceleration detection means for 

15 detecting the rotation angle acceleration of the motor 
are provided, and the road reaction torque detection 
means obtains a road reaction torque detection value 
by passing through a low-pass filter a value obtained by 
subtracting motor inertia torque in terms of a steering 

20 shaft computed from the output of the above rotation 
angle acceleration detection means from the sum of the 
output of the steering torque detection means and 
motor torque in terms of the steering shaft computed 
from the output of the above motor current detection 

25 means. 

[0017] According to a seventh aspect of the present 
invention, there is provided an electric power steering 
controller wherein motor current detection means for 
detecting a current running through the motor is pro- 

30 vided, and the road reaction torque detection means 
obtains a road reaction torque detection value by pass- 
ing through a low-pass filter a value obtained by adding 
up the output of the steering torque detection means 
and motor torque in terms of the steering shaft com- 

35 puted from the output of the above motor current detec- 
tion means. 

[0018] According to an eighth aspect of the present 
invention, there is provided an electric power steering 
controller wherein motor rotation angle acceleration 

40 detection means for detecting the rotation angle accel- 
eration of the motor is provided, and the road reaction 
toque detection means obtains a road reaction torque 
detection value by passing through a low-pass filter a 
value obtained by subtracting motor inertia torque in 

45 tenns of the steering shaft computed from the output of 
the above motor rotation angle acceleration detection 
means from the output of the steering torque detection 
means. 

[0019] According to a ninth aspect of the present 
50 invention, there is provided an electric power steering 
controller wherein motor torque detection means for 
detecting torque generated by the motor and motor 
rotation angle acceleration detection means for detect- 
ing the rotation angle acceleration of the motor are pre- 
ss vided, and the road reaction torque detection means 
obtains a road reaction torque detection value by pass- 
ing through a low-pass filter a value obtained by sub- 
tracting motor inertia torque in terms of the steering 
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shaft computed from the output of the above motor rota- 
tion angle acceleration detection means from the sum of 
the output of the steering torque detection means and 
the output of the above motor torque detection means. 
[0020] According to a tenth aspect of the present s 
invention, there is provided an electric power steering 
controller wherein motor rotation angle acceleration 
detection means for detecting the rotation angle accel- 
eration of the motor is provided, and the road reaction 
torque detection means obtains a road reaction torque w 
detection value by passing through a low-pass filter a 
value obtained by subtracting motor inertia torque in 
terms of the steering shaft computed from the output of 
the above motor rotation angle acceleration detection 
means from the sum of the output of the steering torque is 
detection means and the target value of motor torque in 
terms of the steering shaft computed from the target 
value of cunrent for driving the motor. 
[0021] The above and other objects, features and 
advantages of the invention will become more apparent so 
from the following description when taken in conjunction 
with the accompanying drawings. 

Brief Description of the Accompanying Drawings 

25 

[0022] 

Fig. 1 is a block diagram showing the constitution of 

an electric power steering controller according to 

Embodiment 1 of the present invention; so 

Fig. 2 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 1 of the present invention; 

Fig. 3 is a diagram showing the characteristics of a 

return torque compensator; 35 

Fig. 4 is a block diagram showing the constitution of 

an electric power steering controller according to 

Embodiment 2 of the present invention; 

Fig. 5 is a flow chart for explaining the operation of 

the electric power steering controller according to 40 

Embodiment 2 of the present invention; 

Fig. 6 is a block diagram showing the constitution of 

an electric power steering controller according to 

Embodiment 3 of the present invention; 

Fig. 7 is a flow chart for explaining the operation of 45 

the electric power steering controller according to 

Embodiment 3 of the present invention; 

Fig. 8 is a block diagram showing the constitution of 

an electric power steering controller according to 

Embodiment 4 of the present invention; so 

Fig. 9 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 4 of the present invention; 

Fig. 10 is a block diagram showing the constitution 

of an electric power steering controller according to 55 

Embodiment 5 of the present invention; 

Fig. 11 is a flow chart for explaining the operation of 

the electric power steering controller according to 



Embodiment 5 of the present invention; 

Fig. 12 is a block diagram showing the constitution 

of an electric power steering controller according to 

Embodiment 6 of the present invention; 

Fig. 13 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 6 of the present invention; 

Fig. 14 is a block diagram showing the constitution 

of an electric power steering controller according to 

Embodiment 7 of the present invention; 

Fig. 1 5 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 7 of the present invention; 

Fig. 16 is a block diagram showing the constitution 

of an electric power steering controller according to 

Embodiment 8 of the present invention; 

Fig. 1 7 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 8 of the present invention; 

ng. 1 8 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 9 of the present invention; 

Fig. 19 is a flow chart for explaining the operation of 

the electric power steering controller according to 

Embodiment 9 of the present invention; 

Fig. 20 is a diagram showing the characteristics of 

the dead zone of a road reaction torque detector; 

Fig. 21 is a diagram showing the characteristics of 

the dead zone of another road reaction torque 

detector; 

Fig. 22 is a flow chart for explaining the operation of 

an electric power steering controller according to 

Embodiment 10 of the present invention; 

Rg. 23 is a flow chart for explaining the operation of 

an electric power steering controller according to 

Embodiment 1 0 of the present invention; 

Fig. 24 is a flow chart for explaining the operation of 

an electric power steering controller according to 

Embodiment 11 of the present invention; 

Fig. 25 is a flow chart for explaining the operation of 

an electric power steering controller according to 

Embodiment 12 of the present invention; 

Fig. 26 is a flow chart for explaining the operation of 

an electric power steering controller according to 

Embodiment 12 of the present invention; 

Fig. 27 is a diagram showing the relationship 

between the time constant of the filter of a road 

reaction torque detector and car speed; 

Fig. 28 is a diagram showing the relationship 

between the time constant of the filter of another 

road reaction torque detector and car speed; 

Rg. 29 is a diagram showing the relationship 

between the time constant of the filter of still 

another road reaction torque detector and car 

speed; 

Rg. 30 is a flow chart for explaining the operation of 
an electric power steering controller according to 
Embodiment 1 3 of the present invention; 
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Fig. 31 is a flow chart for explaining tlie operation of 

an electric power steering controller according to 

Embodiment 1 3 of the present invention; 

Fig. 32 is a diagram showing the characteristics of 

a return torque compensator; 

Fig. 33 is a diagram showing the characteristics of 

the gain of the return torque compensator; 

Fig. 34 is a diagram showing the characteristics of 

the limiter of the return torque compensator; 

Fig. 35 is a diagram showing the characteristics of 

another return torque compensator; 

Fig. 36 is a diagram showing the characteristics of 

still another return torque compensator; 

Fig. 37 is a diagram showing the characteristics of 

a further return torque compensator; 

Fig. 38 is a diagram showing the characteristics of 

the first gain of the return torque compensator 

Fig. 39 is a diagram showing the characteristics of 

the second gain of the return torque compensator; 

and 

Fig. 40 is a block diagram showing the constitution 
of an electric power steering controller of the prior 
art. 

Detailed Description of the Preferred Embodiments 

[0023] Preferred embodiments of the present inven- 
tion will be described hereinunder with reference to the 
accompanying drawings. 

[0024] The same or corresponding elements as 
those of the prior art are given the same reference sym- 
bols and their descriptions are omitted. The present 
invention can solve the problems of the prior art only 
with the software of a microcomputer. The hardware of 
the controller is the same as that of the prior art and its 
description is omitted. 

Embocllmgnt i 

[0025] Fig. 1 is a block diagram showing the consti- 
tution of an electric power steering controller according 
to Embodiment 1 of the present invention. In the figure, 
reference numeral 15 denotes a road reaction torque 
detector which is road reaction torque detection means 
for detecting the steering angles of the front wheels, that 
is, road reaction torque for returning the steering wheel 
to its starting point, 16a turning torque controller for out- 
putting a turning assist torgue signal for causing the 
motor 10 to generate torque in a direction opposite to 
the direction of the detected road reaction torque based 
on a road reaction torque signal detected by the above 
road reaction torque detector 15, and 1 7 a return torque 
compensator for outputting a handle return assist 
torque signal for causing the motor 10 to generate 
torque in a direction for returning the steering wheel to 
its starting point based on the above road reaction 
torque signal. In this Embodiment 1, the above turning 
torque controller 16 and return torque compensator 17 



constitute road reaction torque addition control means 
for controlling the torque of the motor 1 0 based on the 
detected road reaction torque. 

[0026] The above road reaction torque detector 15 

5 comprises distortion measuring means such as a road 
cell or distortion gauge on one or both sides of a front- 
wheel side rack for connecting the front wheels to the 
steering shaft to detect compression force applied to the 
above rack from road reaction torque Treact from the 

10 tires of the front wheels as the distortion of the rack and 
to detect road reaction toque Treact by multiplying the 
above compression force by the offset Xoffset from the 
rotation center of the rack and the tires. 
[0027] Denoted by 3 is a damping compensator for 

/5 computing a damping compensation signal based on a 
motor speed signal detected by the motor speed detec- 
tor 5, 4 an inertia compensator for computing an inertia 
compensation signal based on a motor acceleration sig- 
nal detected by the motor acceleration detector 6, 7 a 

20 motor current decision unit for computing a target cur- 
rent signal from target torque which is the sum of a turn- 
ing assist torque signal, handle return assist torque 
signal, damping compensation signal and inertia com- 
pensation signal, computed by the first adder 12, and 9 

25 a motor drive unit for determining voltage to be applied 
to the motor 10 based on a difference obtained by the 
second adder 13 between a target current signal and a 
motor current signal detected by the motor current 
detector 1 1 and applying the above voltage to the motor 

30 1 0. The motor 1 0 generates torque substantially propor- 
tional to a motor current value which changes according 
to the applied voltage to drive the steering unit. Refer- 
ence numeral 14 denotes a car speed detector for 
detecting car speed and outputting the detected car 

35 speed signal, to the turning torque controller 16, return 
torque compensator 1 7, damping compensator 3 and 
inertia compensator 4. 

[0028] A description is subsequently given of the 
operation of the above electric power steering controller 

40 with reference to the flow chart of Fig. 2. The difference 
of Embodiment 1 of the present invention from the prior 
art is algorithm for computing a target current, sur- 
rounded by a one-dot chain line in the block diagram of 
Fig. 1. The control of a motor current is general control 

45 such as RID type current F/B control or open-loop con- 
trol based on a target current and a motor speed signal. 
The control system may be either digital or analog con- 
trol system. 

[0029] Only the algorithm for computing a target 

so current will be described hereinunder. 

[0030] In the first step SI 01 , a road reaction torque 
signal detected by the road reaction torque detector 15 
is read and stored in a memory. In the following step 
SI 02, a motor speed signal detected by the motor 

55 speed detector 5 is read and stored in the memory. In 
step SI 03, the motor acceleration detector 6 differenti- 
ates the above motor speed signal to obtain a motor 
acceleration signal and stores it in the memory. In step 
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SI 04, the turning torque controller 16 makes a map 
computation on the above road reaction torque signal to 
obtain a turning assist torque signal and stores it in the 
memory. In this respect, the map for the above turning 
assist torque signal is formulated such that the motor 1 0 
can generate torque in a direction opposite to the direc- 
tion of the above road reaction torque. In the subse- 
quent step SI 05, the return torque compensator 17 
makes a map computation on the road reaction torque 
signal to obtain a handle return assist torque signal and 
stores it in the memory. The above handle return assist 
torque signal is intended to avoid a phenomenon that 
the steering wheel does not return to its starting point 
automatically when the road reaction torque is smaller 
than friction torque in the steering unit. As shown in Fig. 
3, it is limited by a limiter which is a value approximate 
to the friction torque in the steering unit as the upper 
limit and obtained by multiplying the road reaction 
torque signal by a proportional gain at a range below the 
above limiter. 

[0031] Thereafter, the damping compensator 3 mul- 
tiplies the motor speed signal by a proportional gain to 
obtain a damping compensation signal and stores it in 
the memory in step SI 06 and the inertia compensator 4 
multiplies the motor acceleration signal by a propor- 
tional gain to obtain an inertia compensation signal and 
stores U in the memory in step SI 07. 
[0032] The routine proceeds to step 8108 in which 
the first adder 12 adds up the turning assist torque sig- 
nal, handle return assist torque signal, damping com- 
pensation signal and inertia compensation signal 
obtained in the above steps SI 04 to 1 07 to obtain target 
torque and stores it in the memory. In the following step 
SI 09, the motor cun-ent decision unit 7 multiplies the 
target torque obtained in the above step SI 08 by a gain 
to obtain a target current and stores it in the memory. 
The gain at this point Is the inverse of the torque con- 
stant in temns of the steering shaft of the motor 1 0. 
[0033] Control parameters such as the gains of the 
turning torque controller 16. return torque compensator 
17, damping compensator 3 and inertia compensator 4 
are set according to a car speed signal from the car 
speed detector 14. For a vehicle equipped with a steer- 
ing unit having strong damping force or a vehicle 
equipped with a motor having small inertia moment in 
terms of a steering shaft, the gains of the damping com- 
pensator 3 and the inertia compensator 4 may be set to 
"0". In this case, the motor speed detector 5, motor 
acceleration detector 6, damping compensator 3 and 
inertia compensator 4 become unnecessary. 
[0034] The motor speed detector 5 used in this 
Embodiment 1 may be a motor speed sensor such as a 
tachogenerator, what detects motor speed by obtaining 
a time interval between the pulse outputs of a rotary 
encoder, or what detects motor speed from a counter 
voltage obtained by subtracting the product of a current 
value applied to the motor and the resistance value of a 
coil from a voltage applied to the motor. 



[0035] Generally speaking, the car driver retums 
the steering wheel to the center with its self-returning 
force generated from road reaction torque by releasing 
his/her hands from the steering wheel after turning it in 

5 many cases, thereby reducing steering labor In the 
electric power steering controller of the prior art, the 
returnability of the steering wheel is deteriorated by the 
friction torque's of the motor 10 and the gears. That is, 
when only a steering torque signal is detected to deter- 

70 mine target torque and the driver releases his/her hands 
from the steering wheel after turning it, the steering 
torque signal becomes "0", thereby making it impossible 
to generate handle return torque. Further, even when 
target torque is determined based on a steering torque 

J5 signal and a motor revolution signal, even if the revolu- 
tion of the motor 1 0 stops, the motor 1 0 cannot generate 
torque in a direction for returning the steering wheel. 
[0036] In contrast to this, the electric power steering 
controller of Embodiment 1 comprises the road reaction 

20 torque detector 15 for detecting road reaction torque 
which is substantially proportional to the angle of the 
steering wheel even when the driver releases his/her 
hands from the steering wheel, and outputting a road 
reaction torque signal and the turning torque controller 

25 1 6 and the return torque compensator 1 7 both of which 
constitute the road reaction torque addition control 
means for computing a turning assist toque signal and a 
handle return assist torque signal based on the above 
road reaction torque signal so as to control the torque of 

30 the motor 1 0. Therefore, after the driver releases his/her 
hands from the steering wheel, the motor 10 can output 
torque in a direction for returning the steering wheel, 
thereby making it possible to return the steering wheel 
to the canter without fail. 

35 [0037] In the above Embodiment 1 , a map compu- 
tation is made in the steps SI 04 and SI 05 of Fig. 2 and 
the multiplication of the gain is made in the steps SI 06 
and SI 07. In all of these steps, the multiplication of the 
gain or map computation may be made. 

40 [0038] A single map for synthesizing both the turn- 
ing assist torque signal and the handle return assist 
torque signal may be formulated to combine the steps 
3104 and SI 05 so that a map computation is made on 
a road reaction toque signal to compute a road reaction 

45 torque addition control. signal which is the sum of a turn- 
ing assist torque signal and a handle return assist 
torque signal. 

Embodiment 2 

50 

[0039] Fig. 4 is a block diagram showing the consti- 
tution of an electric power steering controller according 
to Embodiment 2 of the present invention. In the figure, 
reference numeral 1 denotes a steering torque detector 
55 which is steering torque detection means for detecting 
steering torque, 2 a steering torque controller which is 
steering assist control means for computing a steering 
assist torque signal based on a steering torque signal 
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which is the output of the steering torque detector 1,15 
a road reaction torque detector for detecting road reac- 
tion torque for returning the angles of tlie front wheels to 
their starting points, and 1 7 a return torque compensa- 
tor for outputting a handle return assist torque signal for 
causing the motor 1 0 to generate torque for returning 
the steering wheel to its starting point based on a road 
reaction torque signal which is the output of the road 
reaction torque detector 15. In this Embodiment 2, the 
above return torque compensator 17 constitutes road 
reaction torque addition control means. 
[0040] Denoted by 3 is a damping compensator. 4 
an inertia compensator. 5 a motor speed detector. 6 a 
motor acceleration detector, 7 a motor current decision 
unit, 9 a motor drive unit, 1 0 a motor, 1 1 a motor current 
detector. 12 a first adder, 13 a second adder and 14 a 
car speed detector. 

[0041] A description is subsequently given of the 
operation of the electric power steering controller 
according to Embodiment 2 with reference to the flow 
chart of Fig. 5. Only algorithm for computing a target 
current will be described hereinunder like Embodiment 
1. 

[0042] In the first step S201 , a road reaction torque 
signal detected by the road reaction torque detector 15 
is read and stored in the memory. In the subsequent 
step S202, a steering torque signal detected by the 
steering torque detector 1 is read and stored in the 
memory. In step S203, a motor speed signal detected 
by the motor speed detector 5 Is read and stored in the 
memory. In step S204, the motor acceleration detector 
6 differentiates the motor speed signal to obtain a motor 
acceleration signal and stores it in the memory. 
[0043] In the following steps S205 and 206, the 
steering torque controller 2 corrects the phase of the 
steering torque signal by passing it through a phase 
compensator which is constructed with the software of a 
microcomputer to improve the frequency characteristics 
of the steering torque signal, makes a map computation 
on the phase compensated steering torque signal to 
obtain a steering assist torque signal and stores it in the 
memory. 

[0044] In the following step S207. the return torque 
compensator 17 makes a map computation on the 
above road reaction torque signal to obtain a handle 
return assist torque signal and stores it in the memory. 
In step S208. the damping compensator 3 multiplies the 
motor speed signal by a proportional gain to obtain a 
damping compensation signal and stores it in the mem- 
ory. In step S209, the inertia compensator 4 multiplies 
the motor acceleration signal by a proportional gain to 
obtain an inertia compensation signal and stores it in 
the memory. 

[0045] The routine proceeds to step S210 in which 
the first adder 12 adds up the steering assist torque sig- 
nal, handle return assist torque signal, damping com- 
pensation signal and inertia compensation signal 
obtained in the above steps S206 to 209 to obtain target 



torque and stores it in the memory. Thereafter, in step 
S211, the motor current decision unit 7 multiplies the 
target torque obtained in the above step S21 0 by a gain 
to obtain a target current and stores it in the memory. 

5 The gain at this point is the inverse of the torque con- 
stant in terms of the steering shaft of the motor 1 0. 
[0046] In this Embodiment 2, the control parame- 
ters of the steering torque controller 2, return torque 
compensator 17. damping compensator 3 and inertia 

TO compensator 4 change according to the output of the 
car speed detector 1 4 like the above Embodiment 1 . For 
a vehicle equipped with a steering unit having strong 
damping force and a vehicle equipped with a motor hav- 
ing small inertia moment in terms of the steering shaft, 

15 the gains of the damping compensator 3 and the inert;ia 
compensator 4 may be set to "0". In this case, the motor 
speed detector 5, motor acceleration detector 6, damp- 
ing compensator 3 and inertia compensator 4 become 
unnecessary. 

20 [0047] The steering torque controller 2 may be con- 
stituted to obtain a steering assist torque signal from a 
steering torque signal and a differentiated value thereof. 
[0048] In this Embodiment 2. when the driver con- 
trols the steering wheel while holding it, a steering 

25 assist torque signal for assisting steering can be gener- 
ated based on a steering torque signal and when the 
driver releases his/her hands from the steering wheel, a 
handle return assist torque signal for returning the 
steering wheel to its starting point can be generated 

30 based on a road reaction torque signal. Therefore, after 
the driver releases his/her hands from the steering 
wheel, the motor can output torque in a direction for 
returning the steering wheel and the steering wheel can 
be returned to the center without fail. That is, when the 

35 driver holds the steering wheel, conventional control 
algorithm is used directly and when he/she releases 
his/her hands from the steering wheel, control algorithm 
for returning the steering wheel to its starting point is 
added to improve the returnability of the steering wheel. 

40 [0049] In this Embodiment 2. a map computation is 
made in the steps S206 and S207 of Fig. 5 and the mul- 
tiplication of the gain is made in the steps S208 and 
S209. The multiplication of the gain or map computation 
may be made in all of these steps. 

45 [0050] In this Embodiment 2, the phase compensa- 
tor is constructed with the software of a microcomputer 
to improve the frequency characteristics of the steering 
torque signal. Alternatively, the frequency characteris- 
tics of the steering torque signal may be improved by an 

so analog phase compensator and converted into a digital 
value which is then applied to a microcomputer. In this 
case, the step S205 becomes unnecessary. 

Embodiment 3 

55 

[0051] In the above Embodiment 2. road reaction 
torque is directly detected by the road reaction torque 
detector 15 comprising distortion measuring means 
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such as a road cell. As shown in Fig. 6, the electric 
power steering controller of Embodiment 3 comprises in 
place of the above road reaction torque detector 15 a 
road reaction torque detector 1 5S which has a low-pass 
filter, computes a road reaction torque signal from a 
steering torque signal which is the output of the steering 
torque detector 1, a motor acceleration signal which is 
the output of the motor acceleration detector 6 and a 
motor current value which is the output of the motor cur- 
rent detector 1 1 and outputs it, and is constructed with 
the software of a microcomputer. Thereby, the road 
reaction torque detector 15 can be omitted and wiring 
therefor can be eliminated, thereby making it possible to 
reduce the size of the electric power steering controller. 
[0052] The computation of the road reaction torque 
signal by the road reaction torque detector 15S will be 
detailed hereinafter. 

[0053] A description is subsequently given of the 
operation of the electric power steering controller of 
Embodiment 3 with reference to the flow chart of Fig. 7. 
[0054] In the first step S301 , a steering torque sig- 
nal detected by the steering torque detector 1 is read 
and stored in the memory. In the following step S302, a 
motor speed signal detected by the motor speed detec- 
tor 5 is read and stored in the memory. In step S303, the 
motor acceleration detector 6 differentiates the motor 
speed signal to obtain a motor acceleration signal and 
stores it in the memory. In step S304, a motor current 
signal is read and stored in the memory. 
[0055] In steps S305 and S306, the road reaction 
torque detector IBS carries out the following computa- 
tion to obtain a road reaction torque signal. 
[0056] In the step S305, the steering torque signal 
Tsens- motor acceleration signal dto corresponding 
to the rotation angle acceleration of the steering shaft 
and the motor current signal 1^,1^ ^''^ used to obtain a 
steady reaction signal rrea_est ^rom the following equa- 
tion (1): 



f K, 



• do) 



(1) 



wherein Kt is the torque constant of the motor (in terms 
of the steering shaft) and J is the inertia moment of the 
steering unit. 

[0057] In the subsequent step S306, a road reac- 
tion torque signal T,ea_gs{ is obtained by carrying out a 
primary filter computation as shown in the following 
equation (2) with the low-pass filter provided in the road 
reaction torque detector 1 5S and stored in the memory. 



.,/dt = -T„ 



, + T' 



(2) 



Wherein T^ is the time constant of the primary filter 
which is set such that the break frequency 
f = 1/(2rc • T^) becomes between 0.05 to 1.0 Hz. 
[0058] In the following steps S307 and S308, the 
steering torque controller 2 con-ects the phase of the 
steering torque signal by passing it through a phase 



compensator and makes a map computation on the 
phase compensated steering torque signal to obtain a 
steering assist torque signal and stores it In the mem- 
ory. 

5 [0059] In step S309, the return torque compensator 
1 7 makes a map computation on the above road reac- 
tion torque signal Trea_est to obtain a handle return 
assist torque signal and stores it in the memory. The 
damping compensator 3 multiplies the motor speed sig- 

10 nal by a proportional gain to obtain a damping compen- 
sation signal and stores it in the memory in step S310 
and the inertia compensator 4 multiplies the motor 
acceleration signal by a proportional gain to obtain an 
inertia compensation signal and stores it in the memory 

15 in step S31 1 . 

[0060] The routine proceeds to step S312 in which 
the first adder 12 adds up the steering assist torque sig- 
nal, handle return assist torque signal, clamping com- 
pensation signal and inertia compensation signal 

20 obtained in the above steps S308 to S31 1 to obtain tar- 
get torque and stores it in the memory. In step S31 3, the 
motor current decision unit 7 multiplies the target torque 
obtained in the above step S312 by a gain to obtain a 
target cun-ent and stores it in the memory. The gain at 

25 this point is the inverse of the torque constant in terms 
of the steering shaft of the motor 10. 
[0061] The above steps S301 to S313 are 
repeated. 

[0062] The reason why the detection of road reac- 
30 tion torque is made possible by the above expressions 
(1 ) and (2) is given below. 

[0063] The equation of motion of the steering unit is 
the following equation (3): 



- d(o,/dt = T..,-hT„^,-T„ 



(3) 



wherein do)s/dt is the rotation angle acceleration of the 
steering shaft, T^^i is steering torque, T^tr is the output 
torque of the motor (in terms of the steering shaft), Tf^ic 
40 is friction torque in the steering unit and Treact is road 
reaction torque (in terms of the steering shaft). 
[0064] To obtain the road reaction torque Treact. the 
above equation (3) can be rearranged into the following 
equation (4). 



dw^/dt-Tf^j 



(4) 



[0065] Therefore, the road reaction torque Treact 
can be obtained from the steering torque, the output 

50 torque of the motor, the rotation angle acceleration of 
the steering shaft and friction torque in the steering unit. 
The steering torque signal Tgens can be used as the 
steering torque T^^i and a value obtained by multiplying 
the motor current signal l^t^ by a torque constant K, can 

55 be used as the output torque Tn„r of the motor. The 
motor acceleration signal dto can be used as the rota- 
tion angle acceleration of the steering shaft (do^dt). 
Therefore, the road reaction torque from which the influ- 
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ence of the friction torque Tf^ic in the steering unit is 
removed can be detected from the above equation (1 ). 
[0066] The friction torque functions as a relay 
for the rotation speed of the steering unit. It is widely 
known in the field of control engineering that the relay 
can be equivalently represented by gain and phase in 
accordance with an equivalent linearization method. 
Therefore, the road reaction torque signal Tr^g est ^^'^ 
be obtained by adjusting the gain and phase of a steady 
reaction signal T'rea_est detected from the above equa- 
tion (1 ) with the primary filter of the above equation (2) 
[0067] That is, the filter is used as the most com- 
mon means of adjusting the gain and phase. The filter 
can adjust the gain and phase at a frequency range 
higher than a break frequency When the break fre- 
quency is set to a range from 0.5 to 1.0 time the fre- 
quency to be adjusted, the gain can be adjusted to a 
range from 1 to 0.5 time and the phase can be adjusted 
to a range from 0 to -20 deg so that the influence of fric- 
tion torque can be canceled in most cases. Since the 
steering frequency generally used in an automobile is 
0.1 to 1 Hz, the break frequency is set to a level 0.5 to 1 
time the above steering frequency, that is, a range from 
0.05 to 1 Hz, the influence of friction torque can be can- 
celed. The concrete break frequency is set with an eye 
on a steering frequency which makes control based on 
the detected road reaction torque signal the most effec- 
tive. 

[0068] Thus, in this Embodiment 3, the road reac- 
tion torque detector 15S for detecting a road reaction 
torque signal Trea_est the steering torque signal 

"•"sens, motor acceleration signal do) (rotation angle 
acceleration of the steering shaft) and motor cun-ent sig- 
nal Imtr is provided, whereby the need for the road reac- 
tion torque detector 1 5 and wiring therefor is eliminated, 
thereby making it possible to reduce the cost of the 
electric power steering controller. 
[0069] In the above Embodiment 3, a signal before 
phase compensation is used as the steering torque sig- 
nal Tsens to be applied to the road reaction torque 
detector 15S. When the phase compensator for improv- 
ing the frequency characteristics of the steering torque 
detector 1 is an analog phase compensator, a signal 
after phase compensation may be used as the steering 
torque signal T^ens- 

[0070] The phase compensator for improving the 
frequency characteristics of the steering torque signal 
may be constructed with the software of a microcom- 
puter. Alternatively, an analog phase compensator may 
be used to Improve the frequency characteristics of the 
steering torque signal which is then converted into dig- 
ital data to be applied to the microcomputer. In this 
case, the step S307 becomes unnecessary. 
[0071] in the above example, the steady reaction 
signal T*rea_es, is obtained from the steering torque sig- 
nal Tseng, motor acceleration signal d(i> (rotation angle 
acceleration of the steering shaft) and motor cun-ent sig- 
nal Imtr using the equation (1 ) below in the step S305. 



For an electric power steering controller in which motor 
inertia torque is smaller than a road reaction torque 
detection value, such as an electric power steering con- 
troller equipped with a small-sized motor or brushless 

5 motor, a motor inertia torque term (-J • dco) may be 
ignored. For an electric power steering controller in 
which motor torque in terms of the steering shaft at a 
steering range which requires the operation of road 
reaction torque addition control is smaller than a road 

ro reaction torque detection value, a motor torque term in 
terms of the steering shaft may be ignored. 

T',33_3,, =T33„^ + K, • 1^,,-J . dto (1) 

75 wherein K; is the torque constant of the motor (in terms 
of the steering shaft) and J is the inertia moment of the 
steering unit. 

[0072] Since at least one of the motor inertia torque 
term and the motor torque term in terms of the steering 
20 shaft can be ignored at this point, the computation of the 
terms becomes unnecessary, thereby making it possi- 
ble to reduce the operation load of the microcomputer. 

Embodiment 4 

25 

[0073] In the above Embodiment 3, the output 
torque of the motor is obtained by multiplying the ou^ut 
Imtr of the motor current detector 1 1 by the torque con- 
stant Kf of the motor in terms of the steering shaft. In the 

30 electric power steering controller of Embodiment 4, as 
shown in Fig. 8, a motor torque detector 20 which com- 
prises distortion measuring means such as a road cell 
and detects the output torque of the motor is prc»vided to 
detect the torque of the output shaft of the motor 10 

35 directly The detection accuracy of the output torque of 
the motor can be improved by detecting the torque of 
the output shaft of the motor 10 directly and the road 
reaction torque can be detected accurately because it is 
not influenced by the noise of a motor current signal as 

40 the output Imtr of the motor current detector 1 1 is not 
used. 

[0074] A description is subsequently given of the 
operation of the electric power steering controller of 
Embodiment 4 with reference to the flow chart of Fig. 9. 

45 Since steps from reading a steering torque signal (step 
SSOIa) to the computation of a motor acceleration sig- 
nal do) (step S303a) are the same as the above steps 
S301 to 8303 of the flow chart of Fig. 7, their descrip- 
tions are omitted. 

50 [0075] In step S304a, the output of the motor torque 
detector 20 in terms of the steering shaft is converted 
into digital data which is then read and stored in the 
memory as a motor torque signal T^. In the following 
step S305a, a steady reaction signal T',ea est is 

55 obtained from the steering torque signal Tsens' the 
motor acceleration signal dto corresponding to the rota- 
tion angle acceleration of the steering shaft and the 
above motor torque signal T^, using the following equa- 
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tion (5). 

T'rea_est = Tsens+T^-J • d(0 (5) 

[0076] In step S306a, the steady reaction signal 
Trea_esi obtained using the above equation (5) is used 
to carry out the primary filter computation of the equa- 
tion (2) shown in the above Embodiment 3 so as to 
obtain a road reaction torque signal Trea_est which is 
then stored in the memory. 

[0077] Since the following steps S307a to S313a 
are the same as the steps S307 to S313 of Fig. 7 of 
Embodiment 3, their descriptions are omitted. 
[0078] Thus, as the output torque of the motor is 
directly detected from the output of the motor torque 
detector 20 in this Embodiment 4, an electric power 
steering controller which has high motor tonque detec- 
tion accuracy and is not affected by the noise of a motor 
cun-ent signal can be realized. 

Embodiment 5 

[0079] In the above Embodiment 3, the output 
torque of the motor is obtained by multiplying the output 
ln,tr of the motor current detector 1 1 by the torque con- 
stant Kt of the motor in terms of the steering shaft. In the 
electric power steering controller of Embodiment 5, as 
shown in Fig. 10, a motor current control target value It 
which is the output of the motor current decision unit 7 
is used in place of the output of the motor current 
detector 1 1 to detect the output torque of the motor. The 
above motor current control target value Ij is computed 
and stored in the memory in the step S313 of the flow 
chart of Fig. 7. 

[0080] That is. in the above Embodiment 3, the 
processing routine from the step S301 to the step S313 
is repeated to obtain the motor current control target 
value I, using the output of the motor current detec- 
tor 1 1 detected in the step S304 to control the motor 1 0. 
In this Embodiments, after the motor current control tar- 
get value I, is obtained, the motor current control target 
value I, which is a motor control current and not l^tr 
detected in the above step S304 is used to detect the 
output torque of the motor, thereby malting it possible to 
improve the detection accuracy of the output torque of 
the motor. Further, road reaction torque can be detected 
with high accuracy because it is not influenced by the 
noise of the motor current signal. 
[0081] A description is subsequently given of the 
operation of the electric power steering controller of this 
Embodiment 5. 

[0082] According to the flow chart of Fig. 7, after the 
motor current control target value I, is obtained and 
stored in the memory, the routine proceeds to the 
processing routine shown in the flow chart of Fig. 11 . In 
step S301b. a steering torque signal detected by the 
steering torque detector 1 is read and stored in the 
memory. In the following step S302b. a motor speed sig- 



nal detected by the motor speed detector 5 is read and 
stored in the memory. In step SSOSb, the motor acceler- 
ation detector 6 differentiates the motor speed signal to 
obtain a motor acceleration signal and stores it in the 
5 memory. 

[0083] In the processing routine of Fig. 1 1 , reading 
of the motor current signal l^tr which is carried out in the 
step S304 of Fig. 7 is not carried out and the routine 
proceeds to step S305b to obtain a steady reaction sig- 

70 nal TVea_est ^fom the Steering torque signal Tgepg, the 
motor acceleration signal dw corresponding to the rota- 
tion angle acceleration of the steering shaft and the 
motor current control target signal It computed in the 
previous cycle of the processing routine and stored in 

75 the memory using the following equation (6). 

T'rea_est=Tsens + Kt • Ij-J • d(0 (6) 

[0084] In step S306b, a road reaction torciue signal 
20 Trea est is obtained by making the primary filter compu- 
tation of the equation (2) shown in the above Embodi- 
ment 3 on the steady reaction signal Trea_est obtained 
using the above equation (7) and stored in the memory. 
[0085] Since the following steps S307b to S313b 
25 are the same as the steps S307 to S313 of Fig. 7 of the 
above Embodiment 3. their descriptions are omitted. 
[0086] In this Embodiment 5, the motor current con- 
trol target signal I, which is the output of the motor cur- 
rent decision unit 7 is used in place of the motor current 
30 signal l^tr to detect the torque of the output shaft of the 
motor, thereby making it possible to realize an electric 
power steering controller which has high motor torque 
detection accuracy and is not influenced by the noise of 
a motor cun-ent signal. 

35 

Embodiment 6 

[0087] In the above Embodiment 3. a road reaction 
torque T|.ea_est is detected using a steering torque signal 
Tsens which is the output of the steering torque detector 
1. In this Embodiment 6, the road reaction torque 
Trea_est is detected from the output of the motor current 
detector 1 1 and a motor acceleration signal dco output 
from the motor acceleration detector 6 as shown in Rg. 
45 1 2, making use of the fact that the output of the steering 
torque detector 1 is substantially proportional to the out- 
put of the motor current detector 11. Thereby, the 
capacity of the memory can be saved and the constitu- 
tion and arithmetic processing of an arithmetic process- 
so ing program can be simplified. 

[0088] A description is subsequently given of the 
operation of the electric power steering controller of 
Embodiment 6 with reference to the flow chart of Fig. 
13. 

55 [0089] In step S304c, a motor current signal l^tr 's 
read and stored in the memory. In the following step 
S305C, a steady reaction signal T'^g ^g, is obtained 
from the above motor current signal l^tr using the fol- 
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lowing equation (7). 

T',Ba_est = '<i, • Initr + Kt * ' mtr " ^ ' d« (7) 

wherein K|t is a conversion constant for converting a 
motor current signal into a value corresponding to a 
steering torque signal. 

[0090] That is, since the output of the steering 
torque detector 1 is substantially proportional to the out- 
put of the motor current detector 11 , the steady reaction 
signal T'rea_9st is computed using a proportional term 
• Imtr in place of the steering torque signal Tseng. 
[0091] In step S306c, a road reaction torque signal 
T,ea_est 's obtained by making the primary filter compu- 
tation of the equation (2) shown in the above Embodi- 
ment 3 on the steady reaction signal Trea_est obtained 
using the above equation (7) and stored in the memory. 
Since the subsequent steps S307c to S313c are the 
same as the steps S307 to S313 of Fig. 7 of the above 
Embodiment 3, their descriptions are omitted. 
[0092] Thus, as the road reaction torque can be 
detected without using the output of the steering torque 
detector 1 , making use of the fact that the output of the 
steering torque detector 1 is substantially proportional 
to the output of the motor current detector 1 1 in this 
Embodiment 6, the capacity of the memory can be 
saved and the constitution and arithmetic processing of 
an arithmetic processing program can be simplified. 
[0093] Since a motor inertia torque term (- J • dco) 
may be ignored for an electric power steering controller 
in which motor inertia torque is smaller than a road 
reaction torque detection value, such as an electric 
power steering controller equipped with a small-sized 
motor or brushless motor, the road reaction torque 
Trea_esi Can be detected only from the ou^ut of the 
motor current detector 1 1 . 

Embodiment 7 

[0094] In the above Embodiment 3, motor speed is 
detected by the motor speed detector 5 for detecting the 
revolution speed of the motor 1 0 from the output of a 
sensor such as a motor rotation angle sensor or a motor 
rotation angle speed sensor In this Embodiment 7, as 
shown in Fig. 14, an electric power steering controller is 
constructed using a motor speed detector 5S which 
detects a motor rotation angle speed u from a motor 
cun-ent signal imtr from the motor current detector 1 1 
and a target value of motor application voltage com- 
puted from a power voltage value from the unshown 
power voltage detector of the motor drive unit 9 and the 
duty ratio signal of a PWM signal which is the output of 
the motor drive unit 9 and is constructed with the soft- 
ware of a microcomputer. The road reaction torque 
Trea_est 's Obtained from an output signal dto obtained by 
differentiating the above motor rotation angle speed 
steering torque signal Tgens and motor current signal 
'mtr- 



[0095] Thereby, a sensor such as a motor rotation 
angle sensor or a motor rotation angle speed sensor 
becomes unnecessary for the detection of the rotation 
angle acceleration doj of the motor, thereby making it 
5 possible to reduce the cost of the electric power steer- 
ing controller. 

[0096] A description is subsequently given of the 
operation of the electric power steering controller of 
Embodiment 7 with reference to the flow chart of Fig. 
10 15. 

[0097] In the first step S301 d, a steering torque sig- 
nal detected by the steering torque detector 1 is read 
and stored in the memory. In the following step S302d, 
a motor current signal is read and stored in the memory. 

15 [0098] In step S303d, an output signal from the 
power voltage detector is converted into a digital value, 
a duty ratio instruction value Xjuiy which is the output 
signal of the motor drive unit 9 is read from the memory, 
and a rotation angle speed (o is obtained by subtracting 

20 a value obtained by multiplying a motor armature resist- 
ance by a motor current signal 1^,^ from a value 
obtained by multiplying this duty ratio instruction value 
Xduty by the output signal Vb from the above power volt- 
age detector. The operation expression of the rotation 

25 angle speed w is given below. 

" = Xduty • Vb - • 1^,/Kb (8) 

wherein Kb is a back electromotive force constant. 
30 [0099] In the subsequent step S304d, a motor 
acceleration signal do is obtained by differentiating the 
above rotation angle speed <a 

[0100] Since the subsequent steps S305d to S313d 
are the same as the steps S305 to S31 3 of Fig. 7 of 
35 Embodiment 3, their descriptions are omitted. 

Embodiment 8 

[0101] In the above Embodiment 3, a road reaction 
40 torque signal Trea_est is detected from a steering torque 
signal Tgens. rnotor acceleration signal dw and motor 
current signal 1^,, and an assist torque signal is directly 
computed from the steering torque detector 1 by the 
steering torque controller 2. As shown in Fig. 16, a turn- 
45 ing torque controller 1 6S for computing a turning torque 
signal for causing the motor 10 to generate torque in a 
direction opposite to the above road reaction torque 
based on a road reaction torque signal Trgg est ^om the 
road reaction torque detector 15S equipped with a low- 
so pass filter and outputting it is provided in place of the 
above steering torque controller 2 to generate an assist 
torque signal. Thereby, steering torque can be detected 
with high accuracy even when the inexpensive steering 
torque detector 1 whose output value includes a large 
55 noise component caused by the vibration of an engine 
or the like is used. 

[0102] A description is subsequently given of the 
operation of the electric power steering controller of this 
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Embodiment 8 with reference to the flow chart of Fig. 
17. Since steps S401 (reading a steering torque signal) 
to S406 (computing a road reaction torque signal 
Trea_est) s""® the same as the step S301 to S306 of the 
flow char of Fig. 7, their descriptions are omitted. 5 
[0103] In step S407, the turning torque controller 
IBS makes a map computation on the road reaction 
torque signal T^ea est computed in the step S406 to 
obtain a turning assist torque signal and stores it in the 
memory. At this point, the map is predetermined such 10 
that the turning assist torque signal causes the motor 1 0 
to generate torque In a direction opposite to the direc- 
tion of road reaction. In the subsequent step 8408, the 
return torque compensator 17 makes a map computa- 
tion on the road reaction torque signal Tfea_est ^ obtain is 
a handle return assist torque signal and stores it in the 
memory. 

[0104] In step S409, the damping compensator 3 
multiplies a motor speed signal by a proportional gain to 
obtain a damping compensation signal and stores it in 20 
the memory. In step 8410, the inertia compensator 4 
multiplies a motor acceleration signal by a proportional 
gain to obtain an inertia compensation signal and stores 
it in the memory. The routine proceeds to step 841 1 in 
which the first adder 12 adds up the turning assist 2s 
torque signal, handle return assist torque signal, damp- 
ing compensation signal and inertia compensation sig- 
nal obtained in the above steps S407 to 8410 to obtain 
target torque and stores it in the memory. Thereafter, in 
step 8412, the motor current decision unit 7 multiplies 30 
the target torque obtained in the above step S41 1 by a 
gain to obtain a target cun-ent and stores It in the mem- 
ory. 

Embodiment 9 35 

[0105] Embodiment 9 is an invention relating to the 
road reaction torque detector 158 used in the above 
Embodiments 3 to 8. Other constituent elements are the 
same as those of any one of the above Embodiments 3 40 
to 8. 

[0106] A description is subsequently given of the 
operation of the electric power steering controller of 
Embodiment 9 with reference to the flow chart of Fig. 6 
(block diagram of the above Embodiment 3) and the 45 
flow charts of Fig. 18 and Fig. 19. 
[0107] In the first step S501, a steering torque sig- 
nal detected by the steering torque detector 1 is read 
and stored in the memory. In the subsequent step 8502, 
a motor speed signal detected by the motor speed 50 
detector 5 is read and stored in the memory. In step 
S503, the motor acceleration detector 6 differentiates 
the motor speed signal to obtain a motor acceleration 
signal and stores It in the memory, in step S504, a motor 
current signal is read and stored in the memory. 55 
[0108] Steps S505 to S508 show the operation of 
the road reaction torque detector 1 53. In step 8505, it is 
judged whether the absolute value of steering torque 



signal is equal to or largerthan a predetermined thresh- 
old value. At this point, the above threshold value is pre- 
set to a value approximate to the sum of torque required 
for holding the steering wheel at the time of straight-line 
driving and the measurement offset of the steering 
torque detector 1 and stored in a ROM. 
[0109] When it is judged that the absolute value of 
steering torque signal is equal to or larger than the 
threshold value in the step 8505, the routine proceeds 
to step 8507 directly and when it is judged that the 
absolute value is smaller than the threshold value, the 
routine proceeds to step 8506 in which the steering 
torque signal l^ns. "sed by the road reaction torque 
detector 158 for computation is replaced by "0" and 
then to step 8507. 

[0110] Like the steps 8305 to 8313 of the above 
Embodiment 3, a road reaction torque signal Trea_est 's 
computed from the steering torque signal Tgens. motor 
acceleration signal dto and motor current signal 1^,,, and 
a steering assist torque signal and a handle return 
assist torque signal are obtained from a signal obtained 
by correcting the phase of the road reaction torque sig- 
nal T,ea_est '1 Steps 8507 to 851 1 
[0111] In the subsequent steps 8512 to 8515, a 
damping compensation signal and an inertia compen- 
sation signal are obtained, the above steering assist 
torque signal, handle return assist torque signal, damp- 
ing compensation signal and inertia compensation sig- 
nal are added up to obtain target torque, and the target 
torque is then multiplied by a gain to obtain a target cur- 
rent. 

[0112] The operation of the steps 8501 to 8515 is 
repeated. 

[0113] When the steering torque signal Tsg^g is 
replaced by "0", the value of road reaction torque signal 
Trea_est obtained in the step S50B is approximate to "0". 
Therefore, if the absolute value of steering torque signal 
is smaller than the threshold value, control is carried out 
based on the condition that road reaction torque does 
not function. 

[0114] Generally speaking, a road is canted such 
that its center portion becomes higher than its edge por- 
tions to drain rainwater toward the edge portions. 
Therefore, when driving straight on the road, it is neces- 
sary to hold the steering wheel with small torque. The 
steering torque detector 1 for detecting steering torque 
is often offset by a voltage drift or the like. When a steer- 
ing torque detection signal is directly used, the road 
reaction torque detection value does not become "0° 
even at the time of straight-line driving. Therefore, if the 
road reaction torque detector 158 computes a handle 
return assist torque signal based on this road reaction 
torque detection value, the driver may feel unnecessary 
torque even at the time of straight-line driving. 
[0115] In contrast to this, in this Embodiment 9, 
when it is judged that the absolute value of steering 
torque signal is smaller than the predetermined thresh- 
old value, the steering torque signal Tgens used by the 
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road reaction torque detector 15 for computation is 
replaced by "0", the detection value of tiie road reaction 
torque detector 1 5S is substantially set to "0" by com- 
puting the steady reaction signal TVea_esi the equa- 
tion (1) shown in the above Embodinnent 3, and the 5 
threshold value at this point is preset to a value approx- 
imate to the sum of torque required for holding the 
steering wheel at the time of straight-line driving and the 
measurement offset of the steering torque detector. 
Therefore, the above-described problem can be solved, w 
[0116] In the above Embodiment 9, when it is 
judged in the step S505 that the absolute value of steer- 
ing torque signal is smaller than the threshold value, the 
steering torque signal Tsona used by the road reaction 
torque detector 1 for computation is replaced by "0". is 
Therefore, the relationship between the steering torque 
signal applied to the road reaction torque detector 1 5S 
and the steering torque signal used by the road reaction 
torque detector 15S for computation becomes discon- 
tinuous as shown in Fig. 20. However, as shown in Fig. 20 
21, it may be set without discontinuous points. That is, 
when it is judged in the above step S505 that the abso- 
lute value of steering torque signal is equal to or larger 
than the threshold value, the routine may proceed to 
step S507 to eliminate the above discontinuous points 25 
after the above threshold value is subtracted from the 
steering torque signal Tgens- 

Embodinnent 1 0 

30 

[0117] In the above Embodiment 9, after it is judged 
whether the absolute value of steering torque signal is 
equal to or larger than the predetermined threshold 
value, the computation of a steady reaction signal 
T'rea_est t^e computation of a road reaction torque 35 
signal T^ea est sre carried out. As shown in the flow 
charts of Fig. 22 and Fig. 23. it may be judged whether 
the absolute value of steering torque signal is equal to 
or larger than the predetermined threshold value (step 
S607) after the computation of the steady reaction sig- 40 
nal TVea_est (Step S605) and the computation of the 
road reaction torque signal Trea_est (step S606) are car- 
ried out. In this case, the same effect as that of the 
above Embodiment 9 can be obtained. 
[0118] In this Embodiment 10, when it is judged in 45 
the above step S607 that the absolute value of steering 
torque signal is smaller than the threshold value, the 
road reaction torque signal Trea est 's replaced by "0" in 
step S608 and then a handle return assist torque signal 
is obtained (step S61 1). 50 

Embodiment 1 1 

[0119] In the above Embodiments 9 and 10, when 
the road reaction torque detector 15S which is con- ss 
structed with the software of a microcomputer judges 
that the absolute value of input steering torque signal is 
smaller than the predetermined threshold value, the 



steering torque signal T^Bns °^ road reaction torque sig- 
nal Trea_esi used by the road reaction torque detector 
15S for computation is replaced by "0" to obtain a han- 
dle return assist torque signal. A threshold value may 
also be set for the road reaction torque signal in the 
road reaction torque detector 15 used in the above 
Embodiments 1 and 2. When the road reaction torque 
signal is smaller than the threshold value, the road reac- 
tion torque signal Trea_est is replaced by "0" and then a 
turning assist torque signal and a handle return assist 
torque signal are computed. Further, the threshold 
value at this point is preset to a value approximate to the 
offset of the output of the road reaction torque detector 
at the time of straight-line driving. Therefore, the gener- 
ation of unrequired torque can be thereby eliminated at 
the time of straight-line driving like the above Embodi- 
ments 9 and 10, thereby making it possible to improve 
steerability. 

[0120] A description is subsequentiy given of the 
operation of the above electric power steering controller 
with reference to the flow chart of Fig. 24. 
[0121] In the first step S701 , a road reaction torque 
signal detected by the road reaction torque detector 15 
is read and stored in the memory In the following step 
S702, a motor speed signal detected by the motor 
speed detector 5 is read and stored in the memory. In 
step S703, the motor acceleration detector 6 differenti- 
ates the motor speed signal to obtain a motor accelera- 
tion signal and stores rt in the memory. 
[0122] In the subsequent step S704, it is judged 
whether the absolute value of road reaction torque sig- 
nal is equal to or larger than the above predetenmined 
threshold value. When it is judged that the absolute 
value of road reaction torque signal is equal to or larger 
than the threshold value, the routine proceeds to step 
S706 directly and when it is judged that the absolute 
value is smaller than the threshold value, the routine 
proceeds to step S705 to replace the road reaction 
torque signal Trea_est by "0" and then to step S706. 
[0123] In the step S706, the turning torque control- 
ler 16 makes a map computation on the above road 
reaction torque signal to obtain a turning assist torque 
signal. In step S707, the return torque compensator 1 7 
makes a map computation on the above road reaction 
torque signal to obtain a handle return assist torque sig- 
nal. 

[0124] In the subsequent step S708, the damping 
compensator 3 multiplies the motor speed signal by a 
proportional gain to obtain a damping compensation 
signal and stores it in the memory. In step S709, the 
inertia compensator 4 multiplies the motor acceleration 
signal by a proportional gain to obtain an inertia com- 
pensation signal and stores it in the memory. 
[012S] The routine then proceeds to step S710 in 
which the first adder 12 adds up the turning assist 
torque signal, handle return assist torque signal, damp- 
ing compensation signal and inertia compensation sig- 
nal obtained in the above steps S706 to S709 to obtain 
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target torque and stores it in the memory. In the subse- 
quent step S71 1, the motor current decision unit 7 mul- 
tiplies the target torque obtained in ttie above step S71 1 
by a gain to obtain a target current and stores it in tiie 
memory. 

Embodiment 12 

[0126] In tliis Embodiment 12, the time constant of 
the low-pass filter provided in the road reaction torque 
detector 15S of the above Embodiments 3 to 8 is 
changed according to car speed, thereby making it pos- 
sible to improve the returnability of the steering wheel to 
its starting point regardless of car speed. 
[0127] This Embodiment 12 will be described here- 
inunder with reference to Fig. 6 (block diagram of 
Embodiment 3) and the flow charts of Fig. 25 and Fig. 
26. 

[0128] In the first step S801. a steering torque sig- 
nal detected by the steering torque detector 1 is read 
and stored in the memory. In the following step S802, a 
motor speed signal detected by the motor speed detec- 
tor 5 is read and stored in the memory. In step S803, the 
motor accelerator detector 6 differentiates the motor 
speed signal to obtain a motor acceleration signal and 
stores it in the memory, in step S804, a motor current 
signal is read and stored in the memory. 
[0129] In the following step S805, a car speed sig- 
nal is read and stored in the memory. 
[0130] In step S806, it is judged whether the abso- 
lute value of steering torque signal is equal to or larger 
than a threshold value. The threshold value at this point 
is preset to a value approximate to the sum of torque 
required for holding the steering wheel at the time of 
straight-line driving and the measurement offset of the 
steering torque detector 1 and stored in the ROM. When 
it is judged in the step S806 that the absolute value of 
steering torque signal is equal to or larger than the 
threshold value, the routine proceeds to step S808 
directly and when it is judged that the absolute value is 
smaller than the threshold value, the routine proceeds 
to step S807 in which the steering torque signal Tgens 
used by the road reaction torque detector 15S for com- 
putation is replaced by "0" and then to step S808. 
[0131] In the step S808, a steady reaction signal 
T'rea.est 's Computed by the equation (1 ) like the above 
embodiment 3. 

T'rea.est^T^g^^ + K, • I - J • dco (1) 

wherein K, is the torque constant of the motor (In terms 
of the steering shaft) and J is the inertia moment of the 
steering unit. 

[0132] In step S809, the time constant T, of the pri- 
mary filter of the equation (2) is read from a map prede- 
termined for the above car speed signal. In step S810, 
the computation of the primary filter of the above equa- 
tion (2) is carried out using the time constant read in the 



above step S809 to obtain a road reaction torque signal 
Trea_esi which is then is Stored in the memory. 

rea .est/dt = "T rea est^ 1 + ^3 ^/T ^ (2) 

5 

[01 33] Thereafter, like the step S307 to S31 3 of the 
above Embodiment 3, the phase of the steering torque 
signal is corrected in step S81 1 , a map computation is 
made on the phase compensated steering torque signal 

10 to obtain a steering assist torque signal in step S812. a 
map computation is made on the road reaction torque 
signal Trea_Gst to obtain a handle return assist torque 
signal, damping compensation signal and inertia com- 
pensation signal, target torque is obtained by adding up 

15 the steering assist torque signal, handle return assist 
torque signal, damping compensation signal and inertia 
compensation signal, and finally a target current is 
obtained by multiplying this target torque by a gain in 
steps S813toS817. 

20 [0134] The operation of the steps S801 to S817 is 
repeated. 

[0135] The frequency band of steering by the driver 
differs according to car speed. Generally speaking, 
quick steering is carried out at a low car speed and slow 

25 steering is carried out at a high car speed to prevent the 
instable behavior of a vehicle in most cases. 
[0136] The filter is introduced to represent the fric- 
tion torque of the steering unit by equivalent gain and 
phase, and the time constant of the optimal filter differs 

30 according to steering frequency. The time constant is 
set large for low-frequency slow steering and small for 
high-frequency quick steering to improve the accuracy 
of a road reaction torque signal for the actual road reac- 
tion torque. When the accuracy of the road reaction 

35 torque signal is high, if steering for the change of the 
lane is carried out, a handle return assist torque signal 
corresponding to the actual road reaction can be 
obtained, thereby making it possible to provide a better 
steering feeling to the driver. 

40 [01 37] Since the road reaction torque signal Trea_est 
when the driver releases his/her hands from the steer- 
ing wheel decreases gradually as the time constant 
becomes larger, the handle return assist torque signal is 
output for a long time. Therefore, when it takes long to 

45 return the steering wheel to its starting point, for exam- 
ple, when the driver releases his/her hands from the 
steering wheel after turning the steering wheel greatly 
at an intersection, the returnability of the steering wheel 
can be improved with a large time constant. Generally 

50 speaking, the car speed is limited to a tow speed when 
the steering wheel is turned greatly at an intersection or 
the like, and the steering wheel is controlled relatively 
slightly for changing the lane or the like at a car speed 
range higher than that. 

55 [0138] Therefore, when the time constant Ti of the 
primary filter of the above equation (2) is set such that it 
becomes smaller as the car speed increases up to the 
upper limit value when the driver turns the steering 
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wheel at an intersection or the lil<e and larger as the car 
speed increases to a value higher than the above upper 
limit value, the returnability of the steering wheel to its 
starting point when the driver releases his/her hands 
from the steering wheel after turning the steering wheel 
greatly at a low speed, a good steering feeling at a mid- 
dle or high speed and the returnability of the steering 
wheel to its starting point when the driver releases 
his/her hands from the steering wheel after turning the 
steering wheel slightly can be obtained. 
[0139] The above time constant Ti may be fixed at 
a car speed up to the upper limit value when the driver 
turns the steering wheel greatly at an intersection or the 
like as shown in Fig. 28. 

[0140] Alternatively, to improve only a steering feel- 
ing for a vehicle which has the small friction of the steer- 
ing unit and the relatively high returnability of the 
steering wheel to its starting point, the above time con- 
stant Ti may be set larger as the car speed increases in 
accordance with a general steering frequency for car 
speed as shown in Fig. 29. 

[0141] In this Embodiment 12, since the time con- 
stant of the filter which is given equivalent to the friction 
of the steering unit in the road reaction torque detector 
15S is changed according to car speed, the returnability 
of the steering wheel to its starting point when the driver 
releasees his/her hands from the steering wheel after 
turning the steering wheel greatly at a low speed, a 
good steering feeling at a middle or high speed, and the 
returnability of the steering wheel to its starting point 
when the driver releases his/her hands from the steer- 
ing wheel after turning the steering wheel slightly can be 
obtained. 

Embodiment 13 

[0142] Embodiment 13 is an invention relating to 
the operation of the return torque compensator 17 for 
the computation of a handle return assist torque signal 
from a road reaction torque signal. Other constituent 
elements are the same as those of any one of the above 
Embodiments 1 to 11. This Embodiment 13 will be 
described hereinunder with reference to the flow charts 
of ng. 30 and Fig. 31. 

[0143] In the first step S901, a steering torque sig- 
nal detected by the steering torque detector 1 is read 
and stored in the memory. In the following step S902, a 
motor speed signal detected by the motor speed detec- 
tor 5 is read and stored in the memory. In step S903. the 
motor acceleration detector 6 differentiates the motor 
speed signal to obtain a motor acceleration signal and 
stores it in the memory. In step S904, a motor current 
signal is read and stored in the memory. 
[0144] In the subsequent step S905, a car speed 
signal is read and stored in the memory. 
[0145] In step S906, it is judged whether the abso- 
lute value of steering torque signal is equal to or larger 
than a threshold value. The above threshold value at 



this point is preset to a value approximate to the sum of 
torque required for holding the steering torque at the 
time of straight-line driving and the measurement offset 
of the steering torque detector 1 and stored in the ROM. 

5 [0146] When it is judged in the step S906 that the 
absolute value of steering torque signal is equal to or 
larger' than the threshold value, the routine proceeds to 
step S908 directly and when it is judged that the abso- 
lute value is smaller than the threshold value, the rou- 

10 tine proceeds to step S907 in which the steering torque 
signal Tsgps used by the road reaction toque detector 
15S for computation is replaced by "0", to step S908 to 
compute a steady reaction signal T,ea_est and to step 
S909 to filter the above TVea_est to obtain a road reac- 

75 tlon torque signal T^^g gg,. 

[0147] After the phase of the steering torque signal 
is corrected in the subsequent step S910, a map com- 
putation is made on this phase compensated steering 
torque signal to obtain a steering assist torque signal in 

20 step 91 1 . 

[0148] Steps S912 and S913 show the operation of 
the return torque compensator 1 7 in Embodiment 1 3. In 
the step S912, a gain and a limiter predetermined for 
the car speed read in the above step S905 are read. In 

25 the following step S913, a map computation is made on 
the road reaction torque signal T^ea est t° obtain a han- 
dle return assist torque signal which is then stored in the 
memory. The map at this point corresponds to the gain 
and limiter read in the step S912 as shown in Fig. 32. 

30 [0149] In the subsequent steps S914 to S917, a 
damping compensation signal and an inertia compen- 
sation signal are obtained, target torque is obtained by 
adding up the steering assist torque signal, handle 
return assist torque signal, damping compensation sig- 

35 nal and inertia compensation signal, and a target cur- 
rent is obtained by multiplying this target torque by a 
gain. 

[0150] The operation of the above steps S901 to 
S917 is repeated. 

40 [0151] Generally speaking, the road reaction torque 
is the function of car speed and becomes smaller as the 
car speed lowers when the steering angle is the same, 
thereby deteriorating the returnability of the steering 
wheel to its starting point. At an extremely low speed 

45 range at the time of parking, the vehicle is moved with 
the steering wheel kept turned in most cases and 
straight-line driving is not required. Therefore, the 
returnability of the steering wheel to its starting point is 
not important. Consequently, the gain and limiter of the 

50 return torque compensator 1 7 must be set such that a 
handle return assist torque signal is made small at an 
extremely low speed range and larger as the car speed 
decreases after it exceeds a predetermined car speed. 
[0152] In this Embodiment 13, in step S912, the 

55 gain and limiter of the return torque compensator 1 7 
become the largest when the car speed reaches 
approximately the upper limit value of general parking 
speed as shown in Figs. 33 and 34. At a car speed 
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range below the upper limit value of parking speed, the 
gain and limiter may be set to "0" so that the handle 
return assist torque signal becomes "0". Also at a high 
speed range where the returnability of the steering 
wheel to its starting point is sufficiently high, the gain 
and limiter may be set to "0" so that the handle return 
assist torque signal becomes "0". 
[0153] Thus, in this Embodiment 13, the gain and 
limiter of the return torque compensator 17 for the com- 
putation of a handle return assist torque signal from a 
road reaction torque signal become the largest when 
the car speed reaches approximately the upper limit 
value of general parking speed, thereby making it possi- 
ble to improve the returnability of the steering wheel to 
its starting point regardless of car speed without reduc- 
ing operation ease at the time of parking. 
[0154] In the above Embodiment 13, both the gain 
and limiter are changed at the same time. Even when 
only one of them is changed and the other is fixed, the 
same effect can be expected. 

[01 55] In the above example, the maximum value of 
handle return assist torque signal is limited by the lim- 
iter. As shown in Figs. 35 and 36, the gain may be fixed 
before the road reaction torque signal reaches an inflec- 
tion point and the handle return assist torque signal may 
be increased or reduced after the road reaction torque 
signal exceeds the above inflection point. 

Embodiment 14 

[0156] In the above Embodiment 13, only one gain 
is set. As shown in Fig. 37, the returnability of the steer- 
ing wheel to its starting point can be further improved by 
setting multiple gains. 

[0157] For example, when the driver turns the steer- 
ing wheel excessively while driving at a high speed, 
driving stability is lost and the vehicle is spun, which 
may cause a serious accident. Therefore, it is important 
to prevent the steering wheel from being turned exces- 
sively while driving at a high speed. Steering torque is 
made large when the steering wheel is turned exces- 
sively to make it difficult to turn the steering wheel 
excessively, thereby increasing the effect of preventing 
the steering wheel from being turned excessively. 
[0158] Fig. 37 shows a map for the compulation of 
a handle return assist torque signal from a road reaction 
torque signal. A first gain at an area where the road 
reaction torque signal is small is set small in response to 
car speed to enable the steering wheel to return to its 
starting point. In contrast to this, a second gain at an 
area where the road reaction torque signal is large is set 
large so that the road reaction torque signal increases 
sharply as the steering wheel is turned to a greater 
extent, whereby steering torque becomes large. 
[0159] The first gain becomes the largest when the 
car speed reaches approximately the upper limit value 
of general parking speed as shown in Fig. 38 like the 
above Embodiment 9 and the second gain becomes "0" 



at an area other than a high-speed range and larger as 
the car speed increases as shown in Fig. 39. 
[0160] Thus, in this Embodiment 1 4, the first gain is 
set small in accordance with car speed at an area where 

5 the road reaction torque signal is small and the second 
gain is set large at an area where the road reaction 
torque signal is large. Therefore, when normal steering 
is carried out while driving at a high speed, the excellent 
returnability of the steering wheel to its starting point is 

10 obtained and when the steering wheel is turned exces- 
sively, the road reaction torque signal increases sharply 
as the steering wheel is turned more excessively. 
Therefore, the steering torque becomes large, thereby 
making it possible to prevent the steering wheel from 

15 being turned excessively. 

[0161] In this Embodiment 14, only the gain is 
changed. However, the limiter may be set larger as the 
car speed increases. 

[0162] As having been described above, according 

20 to the first aspect of the present invention, the electric 
power steering controller comprises road reaction 
torque detection means for detecting reaction received 
by the tires from the surface of a road and road reaction 
torque addition control means for controlling the torque 

25 of the motor for assisting the steering torque of the 
driver based on the road reaction torque detected by the 
above road reaction torque detection means. Therefore, 
even when the driver releases his/her hands from the 
steering wheel to return the steering wheel to its starting 

30 point after turning the steering wheel, road reaction 
torque which is substantially proportional to the angle of 
the steering wheel can be detected and the steering 
wheel can be returned to the center without fail. 
[0163] According to the second aspect of the 

35 present invention, in addition to the constitution of the 
first aspect, the electric power steering controller further 
comprises steering torque detection means for detect- 
ing the steering torque of the driver and steering assist 
control means for controlling the torque of the motor 

40 based on the output of the steering torque detection 
means. Therefore, when the driver controls the steering 
wheel while holding it, a steering assist torque signal for 
assisting steering can be generated based on a steer- 
ing torque signal and when the driver releases his/her 

45 hands from the steering wheel, the above road reaction 
torque addition control means can return the steering 
wheel to its starting point without fail. That is, the control 
algorithm of the prior art is used directly when the driver 
holds the steering wheel and control algorithm for 

50 returning the steering wheel to its starting point is added 
when the driver releases his/her hands from the steer- 
ing wheel so that the motor can output torque in a direc- 
tion for returning the steering wheel after the driver 
releases his/her hands from the steering wheel, thereby 

55 making it possible to return the steering wheel to the 
center without fail. 

[0164] According to the third aspect of the present 
invention, the amount of control of the above road reac- 
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tion torque addition control means is obtained by multi- 
plying the output of the road reaction torque detection 
means by a single gain or multiple gains and the maxi- 
mum value of the above control is limited by the limiter. 
Therefore, the steering wheel can be returned to its 5 
starting point without fail and steering torque can be 
prevented from becoming large carelessly. 
[0165] According to the fourth aspect of the present 
invention, car speed detection means for detecting car 
speed is provided, and the values of the above gain and 10 
limiter are set according to the output of the car speed 
detection means. Therefore, the returnability of the 
steering wheel to its starting point can be improved 
regardless of car speed. 

[0166] According to the fifth aspect of the present 75 
Invention, the values of the above gain and limiter are 
set such that the output of the road reaction torque addi- 
tion control means becomes large when the car speed 
is low excluding the case where the car speed is 
extremely low at the time of parking. Therefore, the 20 
returnability of the steering wheel to its starting point 
can be improved regardless of car speed without reduc- 
ing operation ease at the time of parl<ing. 
[0167] According to the sixth aspect of the present 
invention, motor current detection means and motor 2S 
rotation angle acceleration detection means are pro- 
vided, and the road reaction torque detection means 
obtains a road reaction toque detection value by pass- 
ing through a low-pass filter a value obtained by sub- 
tracting motor inertia torque in terms of the steering 30 
shaft computed from the output of the above motor rota- 
tion angle acceleration detection means from the sum of 
the output of the steering torque detection means and 
motor torque in terms of the steering shaft computed 
from the output of the above motor current detection 3S 
means. Therefore, the road reaction torque detector 
and wiring therefor become unnecessary, thereby mak- 
ing it possible to reduce the size and cost of the electric 
power steering controller. 

[0168] According to the seventh aspect of the 40 
present invention, motor current detection means is pro- 
vided, and the road reaction torque detection means 
obtains a road reaction torque detection value by pass- 
ing through a low-pass filter a value obtained by adding 
up the output of the steering torque detection means 45 
and motor torque in terms of the steering shaft com- 
puted from the output of the above motor current detec- 
tion means. Therefore, the computation of a motor 
inertia torque term becomes unnecessary in an electric 
power steering controller in which motor inertia torque is so 
smaller than a road reaction torque detection value, 
such as an electric power steering controller equipped 
with a small-sized motor or brushless motor, thereby 
making it possible to reduced the operation load of a 
microcomputer. 55 
[0169] According to the eighth aspect of the present 
invention, motor rotation angle acceleration detection 
means is provided, and the road reaction toque detec- 



tion means obtains a road reaction torque detection 
value by passing through a low-pass filter a value 
obtained by subtracting motor inertia torque in terms of 
the steering shaft computed from the output of the 
above motor rotation angle acceleration detection 
means from the ou^ut of the steering torque detection 
means. Therefore, the computation of a motor torque 
term in temns of the steering shaft becomes unneces- 
sary in an electric power steering controller in which 
motor torque in tenns of the steering shaft at a steering 
range where road reaction torque addition control must 
be carried out is smaller than the road reaction torque 
detection value, thereby making it possible to reduce 
the operation load of a microcomputer. 
[0170] According to the ninth aspect of the present 
invention, motor torque detection means for detecting 
torque generated by the motor and motor rotation angle 
acceleration detection means for detecting the rotation 
angle acceleration of the motor are provided, and the 
road reaction torque detection means obtains a road 
reaction torque detection value by passing through a 
low-pass filter a value obtained by subtracting motor 
inertia torque in terms of the steering shaft computed 
from the output of the above motor rotation angle accel- 
eration detection means from the sum of the output of 
the steering torque detection means and the output of 
the above motor torque detection means. Therefore, as 
torque generated by the motor can be detected in an 
electric power steering controller equipped with a sen- 
sor for detecting torque generated by the motor, road 
reaction torque can be detected with higher accuracy 
than the computation of torque generated by the motor 
from a motor current 

[0171 ] According to the tenth aspect of the present 
invention, motor rotation angle acceleration detection 
means for detecting the rotation angle acceleration of 
the motor is provided, and the road reaction torque 
detection means obtains a road reaction torque detec- 
tion value by passing through a low-pass filter a value 
obtained by subtracting motor inertia torque in terms of 
the steering shaft computed from the output of the 
above motor rotation angle acceleration detection 
means from the sum of the output of the steering torque 
detection means and the target value of motor torque in 
terms of the steering shaft computed from the target 
value of current for driving the motor. Since a current 
ripple generated by PWM which is generally carried out 
when the motor is driven is not superimposed on a tar- 
get current, road reaction torque can be detected accu- 
rately without being influenced by the current ripple. 

Claims 

1. An electric power steering controller comprising a 
motor (10) for generating torque for assisting the 
. steering torque of a driver to assist the steering 
force of a steering system, the controller compris- 
ing: 
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road reaction torque detection means (15) for 
detecting road reaction torque received by tires 
from the surface of a road; and 
road reaction torque addition control means 
(16, 17) for controlling the torque of the motor 5 
(10) based on road reaction toque detected by 
the road reaction torque detection means (15). 

2. The electric power steering controller of claim 1 
which further comprises steering torque detection io 
means (1) for detecting the steering torque of the 
driver and steering assist control means (2) for con- 
trolling the torque of the motor based on the output 

of the steering torque detection means (1). 

IS 

3. The electric power steering controller of claim 1 or 
claim 2 wherein the amount of control of the road 
reaction torque addition control means (16, 17) is a 
value obtained by multiplying the output of the road 
reaction torque detection means (15) by a single zo 
gain or multi gains and the maximum value of con- 
trol is limited by a limiter. 

4. The electric power steering controller of claim 3, 
wherein car speed detection means (14) for detect- 2S 
ing car speed is provided, and the values of the 
gain and limiter are set according to the output of 
this car speed detection means (1 4). 

5. The electric power steering controller of claim 4, so 
wherein the values of the gain and limiter are set 
such that the output of the road reaction torque 
addition control means (16, 17) becomes large 
when the car speed is low excluding the case 
where the car speed is extremely low at the time of 3b 
parking. 

6. The electric power steering controller of claim 2 to 
claim 5, wherein motor current detection means 
(11) for detecting a current running through the 40 
motor (10) and motor rotation angle acceleration 
detection means (6) for detecting the rotation angle 
acceleration of the motor are provided, and the 
road reaction torque detection means (15S) obtains 

a road reaction torque detection value by passing 45 
through a low-pass filter a value obtained by sub- 
tracting motor inertia torque in terms of a steering 
shaft computed from the output of the rotation angle 
acceleration detection means (6) from the sum of 
the output of the steering torque detection means so 

(I) and motor torque in terms of the steering shaft 
computed from the output of the motor current 
detection means (1 1 ). 

7. The electric power steering controller of claim 2 to 55 
claim 5, wherein motor current detection means 

(II) for detecting a current running through the 
motor is provided, and the road reaction torque 



detection means (15S) obtains a road reaction 
torque detection value by passing through a low- 
pass filter a value obtained by adding up the output 
of the steering torque detection means (1) and 
motor torque in terms of the steering shaft com- 
puted from the output of the motor cun-ent detection 
means (11). 

8. The electric power steering controller of claim 2 to 
claim 5, wherein motor rotation angle acceleration 
detection means (6) for detecting the rotation angle 
acceleration of the motor is provided, and the road 
reaction toque detection means (15S) obtains a 
road reaction torque detection value by passing 
through a low-pass filter a value obtained by sub- 
tracting motor inertia torque in temns of the steering 
shaft computed from the output of the rotation angle 
acceleration detection means (6) from the output of 
the steering torque detection means (1). 

9. The electric power steering controller of claim 2 to 
claim 5, wherein motor torque detection means (20) 
for detecting torque generated by the motor and 
motor rotation angle acceleration detection means 
(6) for detecting the rotation angle acceleration of 
the motor are provided, and the road reaction 
torque detection means (15S) obtains a road reac- 
tion torque detection value by passing through a 
low-pass filter a value obtained by subtracting 
motor inertia torque in terms of the steering shaft 
computed from the output of the rotation angle 
acceleration detection means (6) from the sum of 
the output of the steering torque detection means 
(1) and the output of the motor torque detection 
means (20). 

10. The electric power steering controller of claim 2 to 
claim 5. wherein motor rotation angle acceleration 
detection means (6) for detecting the rotation angle 
acceleration of the motor is provided, and the road 
reaction torque detection means (15S) obtains a 
road reaction torque detection value by passing 
through a low-pass filter a value obtained by sub- 
tracting motor inertia torque in terms of the steering 
shaft computed from the output of the rotation angle 
acceleration detection means (6) from the sum of 
the output of the steering torque detection means 
(1 ) and the target value of motor torque in terms of 
the steering shaft computed from the target value of 
current for driving the motor. 
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